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Preparation of paramagnetic tag labeled proteins
Cys-containing En2HD mutants were concentrated to 0.1-0.3 mM and buffer was replaced by 50 mM sodium phosphate buffer, pH 6.5, 150 mM NaCl, 10 mM EDTA, 1 mM TCEP, using a 3-kDa cutoff ultrafiltration device (Merck Millipore, Billerica, MA, USA). Proteins were incubated overnight with 5-10 molar equivalents of 3-maleimido-proxyl (Sigma, St Louis, MO, USA) dissolved in methanol, under argon atmosphere. The excess nitroxide spin label was removed by several cycles of ultrafiltration and the buffer was replaced by 50 mM sodium succinate, pH 4.7. The reaction completion was checked by MALDI-TOF MS analysis.
Purification of Cys-containing En2HD mutants
Bacterial pellets were resuspended in 50 mM sodium phosphate pH 8.0, 500 mM NaCl, 20 mM imidazole, 1 mM DTT, supplemented with protease inhibitors (1 µg/mL leupeptin, 1 µg/mL pepstatin A, and 1 mM PMSF) and frozen at -80°C. After sonication, the soluble fraction was separated from cell debris by centrifugation at 35,000 g, 4°C for 35 minutes, and loaded on a Ni-NTA column (GE Healthcare, Little Chalfont, UK). The protein was purified using IMAC standard protocols with a 20-300 mM imidazole gradient. Eluted fractions were pooled and dialyzed against PBS buffer, and PreScission protease (GE Healthcare) was added to cleave the fusion protein. A second step of purification was further performed using Ni-NTA chromatography to remove (His) 6 -Cherry protein. The purity of protein fractions was controlled by SDS-PAGE analysis and protein identity was checked by MALDI-TOF analysis.
Preparation of Large Unilamellar Vesicles (LUVs)
Lipids were obtained from Avanti Polar Lipids (Alabaster, AL, USA) and used without further purification. LUVs were prepared of DMPC, DMPG or DMPC/DMPG in a 1:1 molar ratio.
Stock solutions of DMPC in chloroform and DMPG in a mixture of chloroform/methanol (3:1)
were used alone or mixed in a 1:1 molar ratio in a glass tube. The solvent was evaporated with dry nitrogen gas yielding a lipid film that was subsequently kept in a vacuum desiccator for 30 minutes. Lipid films were hydrated during at least 30 minutes in 10 mM phosphate buffer, pH 
N relaxation measurements
The 15 N longitudinal R 1 and transversal R 2 relaxation rate constants were determined by collecting a series of sensitivity enhanced 15 N-1 H HSQC spectra with different relaxation delays. A set of 100 structures was calculated by torsion angle dynamics in DYANA program (6) using standard parameters. The 20 structures with the lowest target function were subsequently refined with XPLOR-NIH (7) using CHARMM22 force field. The non-bonded potential consisted of a standard Lennard-Jones function for the van der Waals term, without any electrostatic term.
Structure quality was analyzed using PSVS software suite (8) . NMR restraints and coordinates have been deposited within PDB under accession code 3ZOB.
RESULTS
Backbone dynamics of En2HD in aqueous solution
The backbone dynamics of En2HD was evaluated by measuring 15 N longitudinal R 1 and transverse R 2 relaxation rate constants, and heteronuclear steady-state 15 N-{ 1 H} NOEs (Fig. S1 ), which are typically sensitive to fast motions on the picosecond to the nanosecond time scales. (measured at 30°C). We also measured R 2 rates at 5°C (Fig. S2) , which show strongly increased values for residues Gln-21 and Tyr-25 in the loop connecting helices H1 and H2. This increase at lower temperature suggests that the amide groups undergo chemical exchange on the microsecond to millisecond time scale. A similar dynamical behavior has already been observed
for Drosophila Engrailed and other homeodomains (10) , and has been ascribed to conformational exchange affecting Leu-26 side chain and a network of correlated conformational adjustments. This is confirmed by the measured coupling constants that clearly indicate a rotameric equilibrium around χ1 and χ2 angles for Leu-26 residue in En2HD. Table S1 . NMR and structural statistics for the ensemble of 20 En2HD conformers. 
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